The function of colored ornaments is usually related to the signaling of individual quality in intra-and intersexual interactions. In cooperative breeding species, where only a fraction of the male population access the breeding status and the other fraction has the option to help breeding pairs, colored traits might provide the females with a reliable information on the quality of potential mate. Males of the cooperative breeding azure-winged magpies (Cyanopica cyanus) display conspicuous blue plumage coloration. Here we explored the role played by structural blue coloration of males and the probability of becoming a breeder or a helper. Birds were trapped during 4 consecutive years, and feather coloration was measured with a spectrometer. Males that became breeders had a more brilliant and saturated blue coloration and showed a more violet hue in the nonbreeding period compared with birds that became helpers. Breeding males also showed a seasonal decline in blueness, whereas the color properties of helpers were constant throughout the year. Blueness of individuals trapped in the nonbreeding period was positively correlated with body size and condition. These findings are consistent with a scenario in which nonbreeding blue plumage coloration may function as a signal of individual quality in the azure-winged magpie at the pair formation time and add to growing evidence suggesting that the nonbreeding season appears particularly important in impacting breeding roles in cooperative breeding birds.
The function of colored ornaments is usually related to the signaling of individual quality in intra-and intersexual interactions. In cooperative breeding species, where only a fraction of the male population access the breeding status and the other fraction has the option to help breeding pairs, colored traits might provide the females with a reliable information on the quality of potential mate. Males of the cooperative breeding azure-winged magpies (Cyanopica cyanus) display conspicuous blue plumage coloration. Here we explored the role played by structural blue coloration of males and the probability of becoming a breeder or a helper. Birds were trapped during 4 consecutive years, and feather coloration was measured with a spectrometer. Males that became breeders had a more brilliant and saturated blue coloration and showed a more violet hue in the nonbreeding period compared with birds that became helpers. Breeding males also showed a seasonal decline in blueness, whereas the color properties of helpers were constant throughout the year. Blueness of individuals trapped in the nonbreeding period was positively correlated with body size and condition. These findings are consistent with a scenario in which nonbreeding blue plumage coloration may function as a signal of individual quality in the azure-winged magpie at the pair formation time and add to growing evidence suggesting that the nonbreeding season appears particularly important in impacting breeding roles in cooperative breeding birds. Key words: cooperative breeding, Cyanopica cyanus, nonbreeding plumage, sexual selection, structural coloration. [Behav Ecol 19:391-397 (2008)] S exual selection explains the evolution of extravagant male ornaments in many species, such as plumage colors, and elaborate visual or vocal displays on the basis of differences in breeding success caused by competition over mates (Darwin 1871) . Some empirical evidence suggests that elaborated ornamental traits may be costly to produce or maintain and, thereby, that only individuals of the highest quality can achieve maximum expression of such traits (Zahavi 1975; Kodric-Brown and Brown 1984; Andersson 1994) . Therefore, male ornaments may function as honest signals of bearer quality to possible mates and/or competitors (Kodric- Brown and Brown 1984) . The role of colored signals in the process of mate choice has been extensively shown in a huge diversity of organisms including both invertebrates and vertebrates (Andersson 1994) .
In cooperatively breeding species, only a fraction of the population engage in reproduction, whereas nonbreeding individuals assist breeding pairs in caring the offspring (Brown 1987) . The evolutionary costs and benefits of helping behavior have attracted considerable attention in the last decades, with emphasis put on the inclusive fitness benefit of this apparently altruistic behavior (Griffin et al. 2005; Young et al. 2007 ). The suite of proximal ontogenic cues that determine whether a given individual will become a breeder or a helper is also a major focus of current research on cooperative breeding (Cockburn 1998) . Plumage polymorphism may be obviously a good candidate for such determinism. Species who have helpers recruited among young immature males may have a delayed acquisition of breeding plumage that could serve as a signal of nonbreeding status (Beauchamp 2003) . However, in other species, adult plumage is acquired during the first moult, and any effect of plumage color on the likelihood to become a breeder is therefore due to more subtle effect of color signaling individual quality. To our knowledge, this effect of interindividual variation in adult plumage color on the breeding status has not been investigated yet.
The azure-winged magpie (Cyanopica cyanus) is a small colonial corvid (Cramp and Perrins 1994) , with a cooperative socially monogamous breeding system (Hosono 1983; Komeda et al. 1987; Valencia et al. 2003) . Helpers are those individuals that collaborate with the breeding pair in feeding the offspring and removing the fecal sacs from the nest (Komeda et al. 1987) . Azure-winged magpies can behave as helpers either as a first option or after having attempted their own breeding-so-called second-option helpers (Valencia et al. 2003) . First-option helpers are always males, whereas most of secondoption helpers were males too (only 9 females were reported as helpers after losing their own breeding in 15 years; De La Cruz C, Solís E, Valencia J, unpublished data), and first-year magpies are more likely to help than older birds (Valencia et al. 2003) . Males and females of this species exhibit colorful blue wing and tail feathers all year around (Avilés et al. 2008) . Suggesting a signaling function of this coloration, blue coloration is particularly conspicuous during encounters with other individuals due to an energetic tail movements and a typical sloping wing behavior that emphasizes the upper wing blue parts (Cramp and Perrins 1994) . Azure-winged magpies form foraging flocks out of the breeding season (Cramp and Perrins 1994; Cruz 2004) in which dominance status relationships are established (De La Cruz C, Solís E, Valencia J, personal observation) . Also, preliminary analyses have shown that winter translocated magpies, coming from distant localities and released at our study population, did not flock with the native birds, showing that azure-winged magpie have the potential to discriminate conspecifics on the basis of some phenotypic traits (Solís E, De La Cruz C, Valencia J, unpublished data). There is not evidence of assortative mating with respect to structural blue coloration in azure-winged magpies (Avilés et al. 2008) . Also, the facts 1) that all females but not all the males reproduce irrespective of age, 2) that adult sex ratio is biased to males in our population, 3) that the highest predation during the reproduction is suffered by females (Cruz 2004) , and 4) that nest predation decreases with plumage brightness of males (Avilés et al. 2008) would suggest that females would be more likely the choosy sex in this species (e.g., Double and Cockburn 2003; Rubenstein 2007a) .
In this study, we tested whether structural blue coloration is related to reproductive status (breeder vs. helper) in male azure-winged magpies. Recent findings have shown that plumage coloration may potentially be used to assess parental qualities by potential mates in both sexes of the azure-winged magpie because blueness negatively correlated with probability of nest predation in this species (Avilés et al. 2008) . These findings add to growing evidence in other species that 1) full expression of structural coloration requires a good condition through the moult period (e.g., Hill 1999, 2000; Doucet 2002; McGraw et al. 2002; Doucet and Montgomerie 2003; Siefferman and Hill 2003 , 2005a , 2005b and 2) the expression of structural plumage coloration serves as a signal in male-male interactions (Alonso-Á lvarez et al. 2004; Siefferman and Hill 2005a) and during female's mate choice decisions (Andersson and Amundsen 1997; Bennett et al 1997; Johnsen et al. 1998) .
Here, we specifically tested 3 predictions related with the signaling function of blue coloration as a determinant of breeding status in azure-winged magpies. Recent findings provide support for the view that maintenance of feather colorations might be costly and, thereby, that changes in plumage coloration after the moult period may differ as function of individual quality (Ö rnborg et al. 2002; Delhey et al. 2006) . Breeders and helpers greatly differ in their reproductive investment (see Valencia et al. 2003 Valencia et al. , 2006 , which leads us to predict that seasonal changes in male azure-winged magpie blueness should correlate with the reproductive status (Prediction 1). In addition, we expect postmolt (nonbreeding) plumage blueness to be a better predictor of individual quality than spring plumage coloration (Prediction 2). Finally, because studies with other species have shown that only individuals of the highest quality can achieve maximum expression of blueness (e.g., McGraw et al. 2002) , we expect that individuals displaying a bluer postmolt plumage should have higher chances to become breeders, whereas males with duller postmolt plumage should have higher chances to become helpers (Prediction 3).
MATERIALS AND METHODS

Study site and data collection
The study was carried out in a colony of Iberian azure-winged magpies 22 km north of the city of Badajoz (39°03#N, 6°48#W) in the middle of the species' Iberian distribution (Sacarrao 1967 ) during 4 consecutive years (2002) (2003) (2004) (2005) . The predominant habitat is the dehesa (open holm oak Quercus ilex woodland), and the climate is typically Mediterranean, with dry hot summers and mild wet winters (Valencia et al. 2003 (Valencia et al. , 2006 . Birds were captured from October to July (October, 4 birds; November, 8 birds; December, 2 birds; January, 5 birds; February, 16 birds; March, 16 birds; April, 9 birds; May, 17 birds; June, 6 birds; July, 1 bird), using a specially designed trap (see details in Valencia et al. 2006 ) and marked with a metal ring and 1 unique combination of color plastic rings that allowed individual recognition. On capture, we measured tarsus length using a digital calliper to the nearest 0.01 mm and weighted birds using a Pesola balance of 0.5 g of precision.
Wing chord and tail length were measured with a rule to the nearest 1 mm. Sex of breeders was assessed during the breeding season by focal observation of individuals' behavior (only females incubate the eggs and brood the young in this species, Cramp and Perrins 1994; Cruz 2004) . Helpers usually joined the breeding group after the chicks hatched, and only sporadically during the laying period, but never at the beginning of the laying. This allowed us to always distinguish breeding and helping males (Valencia et al. 2006 ). Because we were particularly interested in knowing if it was necessary to achieve a particular plumage coloration to become a breeder in this species (see Introduction), here we will exclusively focus on firstoption helpers that are invariably males (De La Cruz C, Solís E, Valencia J, unpublished data). Nonetheless, to definitively discard sexual discrimination errors, sex of all sampled individuals was corroborated by reports of breeding behavior in different breeding seasons as well as by genetic analyses. Age was assigned using moult extension, following Cruz et al. (1992) as: juveniles, individuals that had completed the first partial postjuvenile moult but had not yet undergone the postnuptial moult, and adults, birds older than 1 year that had completed the postnuptial moult. A total of 84 males comprising 65 breeders (53 adults and 12 juveniles) and 19 helpers (6 adults and 13 juveniles) were captured and classified with this method. Although few birds were recaptured between years, we only used data for the first capture in the statistical analyses to avoid pseudoreplication.
Plumage color
On capture, we collected 2 secondary wing covert feathers from each individual for spectrometric plumage analysis. Moult can extend from May in adults and July in juveniles to early November (Cruz et al. 1991 (Cruz et al. , 1992 . Secondary wing coverts were moulted in adults and juveniles at the time of capture. Feather samples were carefully plucked from the same location on all birds. At the time of data color collection, feathers were carefully placed on black paper in a fashion that mimicked the way the feathers naturally lay on the bird. We quantified plumage reflectance in the range 300-700 nm with a spectrometer with a deuterium and a halogen light source (DH 2000, Ocean Optics Europe, Eerbeek, The Netherlands) using a bifurcated micron fibre optic probe at a 45°angle from the feather surface and illuminating an area of 1 mm 2 . Using OOIBase, a spectra acquisition software package, we sequentially recorded 10 spectra relative to a standard white reference (WS-2) and then averaged the spectra to reduce electrical noise from the collection array within the spectrometer. This process was repeated 3 times; the probe lifted and replaced on the feathers at each scan. We then averaged the 3 spectra for each individual.
In a previous work, it is shown that wing covert feathers of azure-winged magpie males and females reflect most strongly in the violet and the blue region of the spectrum (Avilés et al. 2008) . We summarized reflectance data by calculating 3 different standard descriptors of reflectance spectra: brightness, hue, and chroma. Brightness, or total amount of light reflected by the feather, is the summed reflectance over the 300-700 nm range (e.g., Siefferman and Hill 2005b) . Hue corresponds to the wavelength at which the maximum pick 392
Behavioral Ecology of reflectance is reached within the ultraviolet-blue waveband (300-500 nm). Chroma (spectral purity) is the ratio between the spectral reflectance in the ultraviolet-blue waveband (300-500 nm) and the reflectance of the entire spectrum (300-700 nm) (Siefferman and Hill 2003) . Color variables were then entered into a principal component analysis (PCA) to yield a single color score (principal component 1 [PC1]) that was then used in all the analysis (e.g., Doucet and Montgomerie 2003; Jawor et al. 2004 ). The first principal component (PC1) from this analysis explained 48.20% of the variation in color. Total brightness and ultraviolet-blue chroma loaded negatively, whereas hue loaded positively (eigenvalues ¼ ÿ0.67, ÿ0.60, and 0.79, respectively). Therefore, individuals with a high positive PC1 color score displayed an overall less bright and saturated structural plumage coloration and showed a peak of maximum reflectance at a higher wavelength than individuals with negative PC1 color scores. Structural plumage coloration is not a static trait, and changes in coloration can occur after moulting (e.g., Ö rnborg et al. 2002; Tubaro et al. 2005; Delhey et al. 2006; Shawkey et al. 2007) . To account for this potential seasonal variation, we classified feathers in relation to the period in which they were collected as ''freshly'' moulted feathers, when collected from birds captured from October to February (nonbreeding period), and ''late'' moulted feathers, when collected from birds trapped from March onward. This classification clearly makes sense because structural color varies significantly between these 2 periods in azure-winged magpies. Feathers collected from birds captured from October to February have more brilliant and saturated blue coloration and show a more violet hue than those collected afterward (Avilés et al. 2008 ). In addition, the earliest clutches reported in our population were from the last part of March (average laying date ¼ 2 April, Cruz 2004). Therefore, period was included in all the statistical analyses as a fixed factor to account for this seasonal effect.
Body size and condition
Morphological variables (wing chord length, tail length, and tarsus length) were entered into a PCA to yield a single body size score (PC1). The first principal component (PC1) from this analysis explained 54.34% of the variation in size, and it was subsequently used as index of body size. Wing chord length, tail length, and tarsus length loaded negatively (eigenvalues ¼ ÿ0.82, ÿ0.70, and ÿ0.69, respectively) . Therefore, individuals with a high positive PC1 score were smaller in size than individuals with high negative scores.
Residuals of body mass on body size PC1 scores and on date of capture were used as an index of body condition. Including date of capture allowed us to control for possible seasonal changes in body condition.
Statistical analysis
We used a generalized linear mixed models (GLMMs) in which year was included as a random factor (link function: identity, PROC MIXED, SAS Institute, 1996) to test for the association between structural coloration (PC1 scores from structural plumage coloration), breeding status, and individual quality (body size and body condition index). Age and season were entered as fixed factors in the model to control their possible effect on plumage colouration. The hypothesis under evaluation hinges on the status by season interaction (Prediction 1), which tests whether changes in coloration between periods are parallel for breeders and helpers. Therefore, 2-way interactions terms were also entered in the saturated model. Model selection was carried out by removing, one by one, the effects that were the furthest from statistical significance (0.05), starting with the highest order interactions down to the main effects. t-Tests for independent samples were used to separately explore seasonal differences in azure-winged magpie coloration of breeders and helpers and differences in the date of capture of breeding birds and helpers within the nonbreeding season.
In a second set of analyses, we tested the association between PC1 color scores and body size, condition and/or age (Prediction 2), using GLMM in which year was included as a random factor (link function: identity, PROC MIXED, SAS Institute, 1996). Body size and condition were not significantly related in our sample of birds (r p ¼ ÿ0.18, P ¼ 0.11, N ¼ 76 birds), which made collinearity unlikely.
Finally, we used a GLMM for binary dependent variables (link function: logit, SAS Macro program GLIMMIX, SAS Institute, 1996) to test the effect of age, body size, condition, and/or color as predictors of the probability of being a breeder or a helper (Prediction 3). Year was entered as a random factor in this model. The best-fit model for analyses based on nonbreeding birds (Predictions 2 and 3) was determined using Akaike's information criterion (AIC) as an estimate of the improvement in fit for addition of variables (Burnham and Anderson 2002) . Because the number of data points in the model divided by K (the number of parameters in the model) is less than 40, AIC was corrected for small sample sizes (known as AICc) following Burnham and Anderson (2002) . The model with the lowest value of AICc is the most parsimonious one in the sense that it provides the best balance between overfitting (hence loss of precision) and underfitting (hence bias) and is the selected model. The Akaike weights give the relative support that a given model has from the data compared with the other models in the set (all information in Burnham and Anderson 2002) .
Sample sizes differ for some analyses because we could not measure all the variables for a few individuals.
RESULTS Prediction 1: does seasonal variation in blueness differ with male reproductive status?
Blueness changed seasonally in a different way for breeders and helpers (Table 1) . Breeders have more brilliant and saturated blue coloration and showed a more violet hue (i.e., lower PC1 scores) during the nonbreeding period than during the Figure 1A) . A closer look to the seasonal change in blueness of breeders revealed that the loss of coloration mostly occurred during the nonbreeding period ( Figure 1B ) and that once reproduction has started coloration remained invariable ( Figure 1C ). Differences were not due helper and breeding birds being captured at different times within the nonbreeding season (t-test, t 17 ¼ 1.00, P ¼ 0.32). Blueness of helpers, however, did not significantly vary between the 2 periods (t-test, t 17 ¼ ÿ1.22, P ¼ 0.24). Age, body condition, and body size did not contribute to explain blueness either as main effects or in interaction with status (Table 1) . Blueness did not vary among study years (Table 1) .
Prediction 2: does nonbreeding blueness predict male quality?
When we restricted our analysis to the nonbreeding period, the most parsimonious model explaining magpie male blueness included body size, body condition, and the random effect of year (Table 2 , Prediction 2). Adding age to that model or considering solely body condition or body size with year did not improve the models (Table 2) . Therefore, male body size (GLMM: F 1,13 ¼ 15.30, P ¼ 0.002, Figure 2A ) and body condition (GLMM: F 1,13 ¼ 4.67, P ¼ 0.049, Figure 2B ) were significantly correlated with blueness once we controlled for year (GLMM: year effect: Z ¼ 0.04, P ¼ 0.48). Male magpies with larger body size and a better body condition displayed Seasonal variation in average (6standard deviation) blueness of male azure-winged magpies in relation to reproductive status (breeder vs. helper) (A), and variation of blueness of breeders in relation to date from moult (see Materials and Methods) for the nonbreeding (B) and breeding (C) periods, respectively. PC1 scores came from a PCA combining 3 spectral characteristics of azurewinged magpie coloration: individuals with a high positive PC1 color score displayed and overall less bright and saturated structural plumage coloration and showed a peak of maximum reflectance at a higher wavelength than individuals with negative PC1 color scores (see Materials and Methods). Sample sizes are displayed close to the mean value. Lines in (B) and (C) represent the best fit of a simple linear regression between PC1 color scores and days from moult. The table shows the factors included in the model. Model selection was based on AICc, and delta AICc is the difference between a particular model and the best one within each subanalysis (in bold). K is the number of estimated parameters. Deviance is the difference in log-likelihood between the current and the saturated model, the latter being a model with number of parameters equal to the sample size. Akaike weights show the relative support a given model has from the data compared with the other models in the set. Analyses based on 19 birds trapped during 4 consecutive years in the nonbreeding period.
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Behavioral Ecology brighter, more saturated blue colorations and less greenbiased hues during the nonbreeding period (Figure 2A ,B).
Prediction 3: does nonbreeding blueness predict probability of breeding versus helping?
The most parsimonious model explaining probability of becoming a helper included PC1 color scores and the random effect of year (Table 2 , Prediction 3). Models in which age, body size, or body condition were added to that model had considerably lower Akaike weights (Table 2 ). PC1 color scores were significantly correlated with the probability of becoming a breeder (GLMM: F 1,15 ¼ 10.97, P ¼ 0.005) once we control for the random effect of year (GLMM: year effect: Z ¼ 0.29, P ¼ 0.38 ). Breeders showed a more brilliant and saturated blue coloration and a more violet hue than helpers during the nonbreeding period (Figure 1 ).
DISCUSSION
Our results reveal the existence of seasonal changes in blue plumage coloration of male azure-winged magpies that depend on the reproductive status. Breeders' blueness varied from the nonbreeding period to spring, whereas it did not vary for helpers. Specifically, breeders' plumage become less brilliant and with a less saturated violet-blue coloration and a greener hue in spring. In addition, blueness of individuals trapped in the nonbreeding period was correlated with body size and condition. Furthermore, blueness of individuals sampled in the nonbreeding period predicted the probability of becoming a breeder or a helper in the following breeding attempt. Bluer individuals were larger and had a better condition and were more likely to become breeders in the spring, whereas dull blue-colored males mostly became helpers. To our knowledge, this is the first study linking plumage coloration and reproductive status for a cooperative breeding bird.
Seasonal change in blueness depends on reproductive status
Males that acted as breeders displayed a more brilliant and saturated blue color with a more violet hue in nonbreeding period than in spring, whereas we did not report detectable changes in blue coloration of helpers from nonbreeding period to spring. Several mutually nonexclusive mechanisms may explain the differential pattern of change in coloration for breeders and helpers. It could be agued that helpers were incapable of producing the bluest coloration during the nonbreeding season, whereas breeders are able to pay the production cost of better feathers during molt. Supporting this view, feather blueness at capture was correlated with body size and condition during the nonbreeding season. Alternatively, seasonal changes in Azure-winged magpie blue coloration could be due to the differential action of feather wear for breeders and helpers (Ö rnborg et al. 2002; Tubaro et al. 2005; Delhey et al. 2006) . Indeed, wear has been hypothesized to have especially strong effects on structurally colored feathers (Fitzpatrick 1998) . In addition, the progressive accumulation of dirt and fat on the feathers might be responsible for the decline in UV reflectance because these substances often absorb UV light (Ö rnborg et al. 2002; Zampiga et al. 2004) . Also, ectoparasites (Kose and Møller 1999) and bacteria (Shawkey et al. 2007 ) may affect plumage coloration by damaging feathers or some of their parts. Preening is the mechanism that serves the purpose of cleaning by removing dirt and parasites, arranging and generally maintaining the plumage. Moreover, the degree of investment in feather maintenance would prevent or diminish the effect of wearing (Zampiga et al. 2004 ). Birds devote a substantial part of their daily time budget to feather maintenance activities (Cotgreave and Clayton 1994) that may result in a temporal trade-off between investment in plumage maintenance and other activities, such as foraging or vigilance (Redpath 1988; Christe et al. 1996; Cucco and Malacarne 1997) . However, it does not seem that breeders are differentially maintaining their color throughout the year compared with helpers because helpers never had a deep blue color during the winter and the change in coloration of breeders mostly occurred during the nonbreeding season (Figure 1 ). However, although we intensively trapped birds during 4 consecutive years, only a few individuals were trapped twice in a single season, which precluded analyses based on longitudinal data. Therefore, we cannot exclude that differential mortality or emigration associated with bird coloration could have generated the observed results.
Nonbreeding blueness predict male quality and probability of breeding
Male blueness of individuals trapped during the nonbreeding period covaried positively with body size and body condition at that time (Figure 2 ). In turn, breeder males showed a more brilliant and saturated blue coloration and a more violet hue than helpers during that time irrespective of their age. These results suggest that blue coloration is a condition-dependent trait during the nonbreeding season and may have the potential to reveal male quality in azure-winged magpies. Although we do not know exactly when pair formation occurs in azurewinged magpies, it seems reasonable to assume that it should be somewhere within the nonbreeding season (i.e., from October to February). This suspicion is based on the evidence that azure-winged magpies forms flocks in the nonbreeding period composed by the same individuals that will later reproduce in the colony (De La Cruz C, Solís E, Valencia J, unpublished data) . Furthermore, there exists evidence of the existence of dominance status in these flocks in food-supplemented situations (De La Cruz C, Solís E, Valencia J, unpublished data) . However, we did not detect signs of aggression during our observations, which suggests that individual recognition (which is facilitated by long-term permanence of individuals in closed flocks) may function as the mechanism leading to dominance status. Thus, individual evaluation based on plumage coloration could be passively made at any time within the nonbreeding period. Finally, the fact that plumage coloration reveals aspects of individual condition during the nonbreeding period but not later would support this view. Our findings are in agreement with a number of studies, suggesting that structural coloration has the potential to function as a condition indicatory trait (e.g., Hill 1999, 2000; Doucet 2002; Doucet and Montgomerie 2003; Siefferman and Hill 2003 , 2005a , 2005b . Mate formation occurs in winter for some bird species (e.g., Bronson et al. 2003; Woodcock et al. 2005) , and females may discriminate the quality of potential mates by using plumage characteristics (Woodcock et al. 2005) or social rank (dominance) (Bronson et al. 2003 ).
In conclusion, based on a cross-sectional approach, we have found that structural blue coloration in azure-winged magpie males changed seasonally in breeders but not in helpers. Furthermore, our findings suggest that nonbreeding but not spring blue plumage coloration has the potential to reveal male quality and the probability to become a breeder. Therefore, blue plumage coloration may play a previously ignored role in the assessment of mate quality during nonbreeding when azure-winged magpie form flocks. These findings add to growing evidence, suggesting that for cooperative breeding birds the nonbreeding season appears especially important in affecting subsequent breeding roles and dispersal decisions (e.g., Dickinson and McGowan 2005; Rubenstein 2007b) and may suggest that helping in the azure-winged magpie is a suboptimal strategy because it is adopted by individuals that cannot reach the minimum threshold for reproduction.
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